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Abstract

Aim: This study aimed to assess the knowledge, awareness, and clinical practices related to familial
hypercholesterolemia (FH) among pediatricians, including certified specialists, in Shizuoka Prefecture, Japan. The
objective was to identify key challenges in FH management and propose strategies for improvement.

Methods: A cross-sectional, anonymous survey was conducted from August 2023 to March 2024 among
members of the Shizuoka Regional Pediatric Society. The survey included questions about FH screening, diagnostic
practices, awareness of guidelines, and treatment strategies. Data were collected via Google Forms and analyzed
to evaluate knowledge gaps, adherence to guidelines, and implementation of FH management strategies.

Results: Among 47 respondents, 72.3% supported the implementation of school-age FH screening programs;
however, only 8.5% reported conducting such programs in their regions. Awareness of the 2022 Pediatric FH
Management Guidelines was limited to 34.8%, and 30.2% of respondents reported adhering to these guidelines in
clinical practice. The prevalence of FH in Japan was correctly identified by 45.7% of respondents. Additionally, only
21.3% were aware that FH genetic testing has been covered by health insurance since 2022, highlighting limited
awareness of recent advancements in FH management.

Conclusion: The findings underscore critical gaps in pediatric FH management, including insufficient awareness
and limited implementation of screening and treatment strategies. Addressing these challenges requires enhanced
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education, systematic policies, and collaboration between healthcare providers, policymakers, and patient
advocacy groups. Establishing centralized care networks and integrating FH screening into routine health checks
could significantly improve early detection and management, reducing the future burden of cardiovascular disease.

Keywords: Familial hypercholesterolemia, school-age screening, clinical practice, survey-based study, healthcare
policy

INTRODUCTION

Hypertension, diabetes, and hypercholesterolemia are key lifestyle-related diseases in adults and significant
risk factors for cardiovascular disease”. Atherosclerotic pathological changes may begin to develop as early
as childhood, as evidenced by autopsy findings from the Bogalusa Heart Study” and the Pathological
Determinants of Atherosclerosis in Youth (PDAY) study”. Familial hypercholesterolemia (FH) is an
autosomal dominant genetic disorder affecting approximately 1 in 200 to 500 individuals in the general
population'*”. Pathogenic or likely pathogenic variants in one of three genes-low-density lipoprotein
receptor (LDLR), apolipoprotein B (APOB), or proprotein convertase subtilisin/kexin type 9 (PCSK9)-
account for approximately 80% of FH cases'”, according to current American College of Medical Genetics
and Genomics (ACMG) guidelines'”.

Early detection of FH in children facilitates the implementation of lifestyle interventions before puberty,
potentially mitigating long-term cardiovascular risks"”. Since 1997, numerous randomized controlled trials
(RCTs) on statin treatment in children have been conducted, with some lasting up to two years®®*'". These
trials have demonstrated that statin treatment is well tolerated and does not adversely affect growth or

12,13]

maturation, thereby supporting the clinical recommendation to initiate statin therapy at age eight'

In Japan, the 2022 Guidelines for Pediatric Familial Hypercholesterolemia were published"*, and universal
screening for FH in school-aged children has been initiated in some areas''". This initiative is expected to
increase the rate of FH diagnosis during childhood and contribute to reducing future cardiovascular
complications. However, despite an initial participation rate of 90%-95% for universal FH screening, the
lack of an effective follow-up system poses challenges for implementing secondary screening, leading to a
reduced participation rate of 50%-70%".

With regard to universal screening for childhood FH diagnosis, studies have shown that therapeutic
interventions during childhood can effectively lower lipid levels. However, evidence regarding the
long-term effects of such interventions into adulthood remains limited"*. Additionally, being diagnosed
with FH at a young age may have psychological impacts on children and their families, including increased
stress and anxiety about future health"”. Furthermore, the lack of appropriate follow-up systems for
hereditary conditions such as FH has been attributed to insufficient education and understanding of the

17]

disease among primary care physicians and medical staff""”.

Shizuoka Prefecture, the tenth most populous among the 47 prefectures in Japan, has an estimated
population of 3.6 million, including approximately 420,000 children aged 14 years or younger, according to
the 2022 population census. The prefecture is served by approximately 360 pediatric specialists certified by
the Japan Pediatric Society. Additionally, it is home to the Shizuoka Regional Pediatric Society, a local
branch of the Japan Pediatric Society, which comprises approximately 500 members, including
board-certified pediatricians.
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This study presents the findings of an email-based survey conducted among members of the Shizuoka
Regional Pediatric Society to assess their knowledge, awareness, and perspectives on FH in pediatric
practice within Shizuoka Prefecture. The survey targeted pediatricians, including pediatric specialists
certified by the Japan Pediatric Society, to evaluate their knowledge, attitudes, and practices regarding the
management of FH. By identifying trends and challenges in the diagnosis and treatment of childhood FH,
this study aims to provide insights that will inform future strategies for improving early detection, effective
management, and overall care for FH in children.

METHODS

This study utilized an anonymous questionnaire survey focusing on FH, targeting members of the Shizuoka
Regional Pediatric Society, a local branch of the Japan Pediatric Society. Survey participants included both
pediatricians and non-pediatric members of the society.

Ethical approval for the study was obtained from the Clinical Ethics Committee of Chutoen General
Medical Center. Permission to conduct the survey among society members was also granted by the
executive board of the Shizuoka Regional Pediatric Society. The study protocol adhered to the principles of
the Declaration of Helsinki and was approved by the Ethics Committee of Chutoen General Medical Center
(approval date: August 7, 2023; approval number: 237). As the survey was anonymous and voluntary, the
committee approved that informed consent could be implied by the act of completing and submitting the
questionnaire.

Survey content overview

The questionnaire was administered via Google Forms, ensuring anonymous responses and facilitating
efficient data collection. Participation in the survey was voluntary, and the survey was conducted over a
period from August 2023 to March 2024. The questionnaire included 15 targeted items designed to assess
pediatricians” knowledge, attitudes, and practices related to FH, covering topics such as demographic
information, clinical experience, awareness of guidelines, and screening practices. These items are
summarized in Supplementary Table 1.

RESULTS

A total of approximately 500 pediatricians were invited to participate in the survey, and responses were
received from 47 participants, resulting in a response rate of 9.4%. The age distribution of the respondents
and their pediatric specialist certification status are shown in Figure 1. Among the respondents, 44.7% were
in their 40s or 50s, and approximately 90% were either certified pediatric specialists or awaiting certification
by the Japan Pediatric Society.

The results of the FH questionnaire survey are summarized in Figures 1-4. Several notable findings emerged
from the survey [Figure 2A-GJ]. Among the respondents, only 8.5% reported conducting school-age
screening for FH within their medical service regions, underscoring the limited implementation of such
programs [Figure 2A]. In this survey, 42.6% of pediatricians reported having experience diagnosing
pediatric FH, and 27.7% reported prescribing statin therapy for school-aged children. Because the survey
did not specifically ask whether those who prescribed statins were among those with diagnostic experience,
we are unable to determine the direct relationship between these responses.

Additionally, 45.7% of respondents correctly recognized the estimated prevalence of FH in Japan as
approximately 1 in 300 individuals"*, which is consistent with the widely accepted global prevalence.
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@® Ages under 30 (n=5) @ Japanese Pediatric Society -Certified Specialists ~ (n=40)
@® Ages 30-39 (n=7) @® Non-Pediatric Specialists (n=5)
© Ages40-59 (n=21) © Those Awaiting Pediatric Specialist Certification  (n=2)

@ Ages above 60 (n=14)

Figure 1. Age Distribution and Proportion of Pediatric Specialists Among Respondents in This Questionnaire Survey (n = 47).

Awareness of recent advancements in FH management was also limited. Only 21.3% of respondents were
aware that genetic testing for FH has been covered by health insurance in Japan since April 2022
[Figure 2E], and 34.8% were familiar with the 2022 Pediatric Familial Hypercholesterolemia Management
Guidelines [Figure 2F]. Furthermore, only 30.2% of respondents reported adhering to these guidelines in
clinical practice, with many citing non-adherence or a lack of eligible patients as contributing factors
[Figure 2G]J.

Regarding the necessity of school-age screening for FH, 72.3% of respondents supported its implementation,
and none opposed it [Figure 3]. When asked about genetic testing for FH, only one respondent indicated
they would actively recommend the test. The majority of respondents (82.2%) stated they would perform
genetic testing based on the family’s preferences [Figure 4].

In terms of referring patients with FH to specialized facilities, 39.1% of respondents reported that they
would make referrals if a specialized facility were available nearby, while 41.3% stated they would refer
patients upon request from the family. Only 10.9% indicated they would refer patients even in the absence
of a nearby specialized facility. In contrast, 4.4% expressed no intention of actively referring patients to
specialized facilities, while 2.2% stated they would limit referrals to homozygous FH cases. Another 2.2%
preferred to manage FH patients within their own institution rather than referring them to specialized
facilities.

Additional findings

Other survey results included a question regarding non-blood diagnostic tests performed on pediatric
patients diagnosed with or suspected of having FH, allowing for multiple responses. The most commonly
performed test (n = 13) was carotid intima-media thickness (IMT) measurement using ultrasound. In
contrast, only four respondents reported assessing Achilles tendon thickening using either X-rays or
ultrasound.

DISCUSSION

This study identifies several key challenges related to the awareness and management of FH among
physicians involved in pediatric care, including board-certified pediatric specialists, in Shizuoka Prefecture,
Japan. Most respondents in this survey were pediatricians board-certified by the Japan Pediatric Society,
with the majority aged 40 years or older. Although the survey did not include a question specifically
assessing years of clinical experience, it is reasonable to assume that these respondents represent typical
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

®mYes, n=13 (30.2%) ®No, n=28 (65.1%) = No patients meet the criteria or there are no target patients. N=2 (4.7%)

Figure 2. Overview of responses to the questionnaire on FH screening, diagnosis, treatment, and guideline awareness among
pediatricians in Shizuoka Prefecture. Panels A-G illustrate the distribution of answers to specific survey items. (A) Is school-age
screening for FH conducted in your medical service region? (n = 47); (B) Do you have experience in the diagnosis and treatment of
pediatric familial hypercholesterolemia? (n = 47),; (C) Do you have experience with statin therapy in school-aged children with familial
hypercholesterolemia? (n = 47); (D) Are you currently managing any patients with familial hypercholesterolemia? (n = 47); (E) Did
you know that genetic testing for familial hypercholesterolemia has been covered by insurance in Japan since April 2022? (n = 47); (F)
Do you know the 2022 Pediatric Familial Hypercholesterolemia Management Guidelines? (n = 46); (G) Do you follow the 2022
Pediatric Familial Hypercholesterolemia Management Guidelines in the treatment of familial hypercholesterolemia? (n = 43). FH:
Familial hypercholesterolemia.

pediatric specialists with at least five years of clinical practice.

The categorization into an Awareness and Knowledge Domain and a Clinical Practice Domain highlights
how pediatricians’ awareness and clinical practices regarding FH are interrelated yet variable, underscoring
the need for targeted educational interventions and systemic support to enhance screening, diagnosis, and
appropriate referral. Although the questionnaire was not originally structured according to these analytic
domains, this framework provides a meaningful basis for interpreting the results of the present study and
for comparing these findings with those of future surveys conducted in other regions or among different



Page 6 of 12 Iwashima et al. Rare Dis Orphan Drugs J. 2025;4:20 | https://dx.doi.org/10.20517/rdod]j.2024.60

@ should be conducted as much as possible (n=10)

@ Should be conducted if feasible in terms of testing systems and costs (n=24)
@ Either is fine (n=9)

@ Do not feel it is very necessary (n=4)

. Not necessary

Figure 3. Do you consider screening tests for FH necessary during school age? (n = 47). FH: Familial hypercholesterolemia.

If the family wishes, genetic testing will be performed. n=30

Genetic testing will not be conducted unless requested by the family. n=7

Currently, I have no intention of recommending it. n=4

Take an active approach to genetic testing. n=1

I lack sufficient knowledge about the management of familial hypercholesterolemia to make a decision. n=1
It is desirable to respect both the right to know and the right not to know when conducting testing. n=1
Unknown n=1

Figure 4. Do you recommend genetic testing for families with FH? (n = 45). FH: Familial hypercholesterolemia.

medical specialties.

The results of this survey indicate that although the responding pediatricians generally recognize the
necessity of school-age screening and FH-related genetic testing, only 8.5% report actual implementation of
such screening programs in their regions. Furthermore, limited awareness of the 2022 FH Guidelines and
minimal clinical experience in managing FH patients were observed, highlighting a substantial gap between
perceived ideals for FH management and real-world clinical practice.

Previous studies®*'*"**! have provided substantial evidence supporting the clinical and economic value of
early screening for FH in childhood. Both universal screening of childhood and cascade screening of family
members have been shown to be effective strategies, and their combination can further enhance early
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identification and treatment. These approaches have been associated with significant reductions in long-
term cardiovascular risk and are generally considered cost-effective in various healthcare settings. Despite
these findings, our survey revealed that while many of the responding pediatricians may be aware of the
importance of FH and school-age screening initiatives, they often lack detailed knowledge regarding
implementation strategies, diagnostic criteria, and the long-term benefits of such programs. This disconnect
between awareness and knowledge suggests the need for more structured educational interventions.

Jahn et al. conducted a systematic review of studies evaluating the cost-effectiveness of FH screening and
concluded that the results may vary depending on the screening methods and clinical criteria used"®. They
further emphasized that the interpretation of these findings requires caution, as the analytical frameworks
and healthcare contexts differ across countries. A recent survey by the LIPIGEN Paediatric Group in Italy
highlighted similar challenges, reporting limited adoption of universal screening despite recognition of its
value, and low awareness of FH among primary care providers””. While most specialized centers performed
genetic testing and detailed lipid profiling, the lack of systematic national screening limited early diagnosis.
These findings closely mirror the situation in Japan, where our survey also revealed high awareness but
insufficient knowledge and limited implementation. Together, these results underscore the urgent need for
coordinated national strategies and targeted education to bridge the gap between awareness and practice in
pediatric FH management.

A regional cohort study from Kagawa Prefecture reported limited implementation of school-age screening
programs and low levels of awareness regarding pediatric FH clinical guidelines among local pediatricians,
revealing substantial gaps in both knowledge and clinical orientation*.

In addition to the variability in FH screening strategies, diagnostic criteria for FH have also evolved over
time to improve the accuracy of clinical identification. Importantly, the study also demonstrated that the
2022 JAS pediatric FH diagnostic criteria substantially improved diagnostic sensitivity compared to the 2017
version (sensitivity 0.917 vs. 0.292), enabling the identification of a much larger proportion of genetically
confirmed FH cases while maintaining adequate specificity. This improvement in diagnostic performance
provides a strong rationale for adopting the 2022 guidelines more widely in clinical practice. However, a
separate multi-center study comparing the 2017 JAS criteria with the Dutch Lipid Clinic Network (DLCN)
criteria in adult patients with dyslipidemia demonstrated that, while the JAS criteria are both simple and
accurate, genetically confirmed FH cases may still be missed when relying solely on clinical criteria without
genetic testing™. Although this study focused on adult populations, its findings underscore the limitations
of clinical diagnosis alone and suggest that broader access to genetic testing could further enhance the
accuracy of pediatric FH identification.

Further reinforcing the potential of early detection strategies, a recent cost-effectiveness analysis conducted
in Kagawa Prefecture demonstrated that combining universal screening of school-aged children with
reverse cascade screening of their family members-referred to as the “Kagawa model”-achieved substantial
clinical and economic benefits"”. This dual approach not only facilitated the identification of index
pediatric FH cases but also enabled the detection of previously undiagnosed affected relatives, significantly
amplifying the overall diagnostic yield. The study concluded that the integration of these two strategies
resulted in a highly cost-effective model under Japan’s national health insurance system, particularly when
employing the updated 2022 diagnostic criteria with their improved sensitivity. These findings highlight the
value of implementing structured, guideline-based screening programs at the population level.
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Taken together, these findings emphasize the ongoing challenges in implementing effective childhood FH
screening programs, despite strong supporting evidence. They highlight the need for improved provider
education, broader adoption of updated diagnostic criteria, and nationally coordinated efforts to translate
awareness into systematic practice.

As previously noted, awareness and application of national policies and guidelines for pediatric FH remain
suboptimal. To better understand the underlying barriers, our survey examined pediatricians’” diagnostic
experience, therapeutic approaches, and the use of recommended diagnostic modalities in greater detail.

For example, only 21.3% of respondents were aware that FH-related genetic testing has been covered under
Japan’s national health insurance system since 2022, and just 34.8% were familiar with the 2022 Pediatric FH
Management Guidelines"*. Furthermore, only 26.1% of pediatricians reported awareness of FH-specialized
referral centers in their region, although 58.7% indicated a willingness to refer patients if such facilities were
available. This discrepancy between potential action and actual awareness points to both informational and
structural barriers within the regional healthcare system. Strengthening communication channels and
developing more accessible referral networks may help bridge these gaps and facilitate timely access to
specialized care.

Collectively, these findings illustrate the practical difficulties reported by the pediatricians who participated
in this survey in implementing FH management strategies in Shizuoka Prefecture, even when awareness or
willingness was present. The disconnect between policy-level guidance and daily clinical operations appears
to stem from a lack of accessible resources, limited hands-on experience, and insufficient integration of
diagnostic tools into routine workflows. Addressing these operational bottlenecks may be a critical first step
toward more consistent and effective pediatric FH care in this region.

In light of these findings, it is expected that the dissemination of emerging evidence-including the updated
pediatric FH guidelines"**" and recent cost-effectiveness data"®"”’ supporting school-age screening
programs-will contribute to the development of a more robust and regionally integrated FH care system,
particularly if such information reaches pediatricians and other local healthcare providers.

In addition to the region-specific findings described above, broader systemic, cultural, and institutional
challenges must also be considered. Although the survey revealed a generally positive attitude toward
school-age screening for FH, several systemic barriers hinder the broader implementation of effective FH
management strategies. Implementing large-scale genetic testing and screening programs poses significant
financial challenges, as cost-effectiveness and affordability remain key concerns”. Privacy and
discrimination fears related to the misuse of genetic information for insurance purposes may further
discourage participation in FH screening initiatives. Additionally, these barriers are compounded by a lack
of consensus on FH genetic testing indications, emphasizing the need for updated clinical guidelines that
account for phenotypic variations. Globally, gaps in FH awareness among healthcare providers contribute
to delayed diagnosis and suboptimal treatment””. Practical challenges also exist in clinical settings. Time
constraints during patient visits and concerns over medication safety in pediatric dyslipidemia hinder
clinicians from adopting comprehensive FH management strategies””. In addition, a shortage of genetic
specialists, particularly in rural areas, limits the implementation of cascade screening programs. Effective
data management strategies, such as leveraging electronic health records and decision support tools, are also
lacking but are essential for systematically identifying FH patients and optimizing treatment plans®'.



Iwashima et al. Rare Dis Orphan Drugs J. 2025;4:20 | https://dx.doi.org/10.20517/rdod].2024.60 Page 9 of 12

Training programs for healthcare professionals and culturally sensitive educational campaigns can enhance
understanding of FH and its management”**. Utilizing digital platforms and social media to disseminate
information about FH can further increase public awareness”. Additionally, incorporating FH screening
into routine health checks and leveraging technology to identify at-risk individuals through electronic
health records have also been recommended™'.

Family-centered communication strategies and multidisciplinary approaches are essential for successful FH
screening and management. Programs in Norway and the Netherlands have demonstrated the effectiveness
of involving family members in the screening process through direct or proband-mediated
communication". Flexible contact methods, such as letters, family-mediated messages, and genetics
services, have been shown to respect cultural norms while achieving high acceptance rates®. A
patient-centered multidisciplinary strategy involving pediatricians, community physicians, nurses, and
counselors is also recommended to address diverse cultural and logistical needs™.

Considering the results of this survey and the challenges identified, a comprehensive approach addressing
systemic and educational barriers is essential to enhance early detection and management.

While the survey has highlighted significant gaps in FH screening and management practices, additional
challenges persist in ensuring effective long-term treatment adherence and comprehensive diagnostic
evaluations. These aspects are critical for improving outcomes in pediatric FH patients and warrant further
attention.

Long-term data on individuals who began statin therapy during childhood remain limited”>*). In real-world
clinical settings, initiating and sustaining drug therapy for asymptomatic children with FH during their
school years remains challenging. Studies on pediatric participants in drug intervention trials for FH have
reported difficulties in maintaining long-term adherence to appropriate medication management.

In addition to treatment challenges, the survey highlighted gaps in diagnostic practices, such as the
underutilization of non-invasive tests. For instance, the survey revealed that non-blood tests, such as carotid
IMT measurement, were infrequently performed, and the assessment of Achilles tendon thickening was
even rarer. These findings underscore the need for additional efforts to promote comprehensive diagnostic
evaluations in suspected FH cases.

This study has several limitations. First, the relatively small number of respondents may reflect limited
engagement or interest in pediatric FH management specifically within Shizuoka Prefecture. Second, as a
survey-based study, it may not fully reflect actual clinical practices or the operational realities of school-age
lifestyle disease screening for FH. Additionally, the potential for response bias and the reliance on
self-reported data limit the generalizability and accuracy of the findings. These limitations may lead to
either underestimation or overestimation of the current state of FH management in the region.
Furthermore, the questionnaire did not clearly distinguish between awareness and knowledge, which may
affect the interpretation of certain responses. To improve future research, efforts to enhance response rates
and include broader regional participation would be important. These concerns are further compounded by
the fact that the study was conducted solely in Shizuoka Prefecture, potentially limiting the applicability of
the results to other regions..
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Conclusion

Overall, these findings underscore the urgent need to improve awareness, implement systematic policies,
and strengthen education to facilitate the early detection and effective management of familial
hypercholesterolemia. Despite an estimated prevalence of 1 in 300 individuals"?, the reported diagnosis rate

[35

of FH in Japan remains as low as 2.6%"", highlighting a significant gap between disease burden and clinical
recognition. Collaborative efforts among healthcare providers, policymakers, and patient advocacy groups
will be essential to develop scalable and sustainable strategies for FH screening and treatment. Initial steps
may include establishing centralized care networks, enhancing coordination between specialists and

community-based physicians, and incorporating FH screening into routine pediatric health checks.
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